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(54) Method and apparatus for repairing an abdominal aortic aneurysm 



(57) A balloon device for use in repairing an abdom- 
inal aortic aneurysm in an aorta having two iliac arteries 
associated therewith at an aortic bifurcation includes a 
balloon catheter having a second balloon on the cathe- 
ter, the second balloon including an end wall surface 
which is substantially perpendicular to the axis of the 



catheter portion disposed within the second balloon and 
substantially perpendicular to the outer wall surface of 
the second balloon, whereby the second balloon may 
be readily disposed within the aortic bifurcation. 
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Description 

[0001 ] The invention relates to an aortic graft for intra- 
luminal delivery, and a method and apparatus for repair- 
ing an abdominal aortic aneurysm. s 
[0002] An abdominal aortic aneurysm is a sac caused 
by an abnormal dilation of the wall of the aorta, a major 
artery of the body, as it passes through the abdomen. 
The abdomen is that portion of the body which lies 
between the thorax and the pelvis. It contains a cavity, 10 
known as the abdominal cavity, separated by the dia- 
phragm from the thoracic cavity and lined with a serous 
membrane, the peritoneum. The aorta is the main trunk, 
or artery, from which the systemic arterial system pro- 
ceeds. It arises from the left ventricle of the heart, is 
passes upward, bends over and passes down through 
the thorax and through the abdomen to about the level 
of the fourth lumbar vertebra, where it divides into the 
two common iliac arteries. 

[0003] The aneurysm usually arises in the infrarenal 20 
portion of the arterioscleroticly diseased aorta, for 
example, below the kidneys. When left untreated, the 
aneurysm will eventually cause rupture of the sac with 
ensuing fatal hemorrhaging in a very short time. High 
mortality associated with the rupture has led to the 25 
present state of the art and the transabdominal surgical 
repair of abdominal aortic aneurysms. Surgery involving 
the abdominal wall, however, is a major undertaking 
with associated high risks. There is considerable mor- 
tality and morbidity associated with this magnitude of 30 
surgical intervention, which in essence involves replac- 
ing the diseased and aneurysmal segment of blood ves- 
sel with a prosthetic device which typically is a synthetic 
tube, or graft, usually fabricated of either D AC RON®, 
TEFLON®, or other suitable material. 35 
[0004] To perform the surgical procedure, requires 
exposure of the aorta through an abdominal incision 
which can extend from the rib cage to the pubis. The 
aorta must be closed both above and below the aneu- 
rysm, so that the aneurysm can then be opened and the 40 
thrombus, or blood clot, and arteriosclerotic debris 
removed. Small arterial branches from the back wall of 
the aorta are tied off. The DACRON® tube, or graft, of 
approximately the same size of the normal aorta is 
sutured in place, thereby replacing the aneurysm. Blood 45 
flow is then reestablished through the graft. It is neces- 
sary to move the intestines in order to get to the back 
wall of the abdomen prior to clamping off the aorta. 
[0005] If the surgery is performed prior to rupturing of 
the abdominal aortic aneurysm, the survival rate of so 
treated patients is markedly higher than if the surgery is 
performed after the aneurysm ruptures, although the 
mortality rate is still quite high. If the surgery is per- 
formed prior to the aneurysm rupturing, the mortality 
rate is typically slightly less than 1 0%. Conventional sur- 55 
gery performed after the rupture of the aneurysm is sig- 
nificantly higher, one study reporting a mortality rate of 
66.7%. Although abdominal aortic aneurysms can be 



detected from routine examinations, the patient does 
not experience any pain from the condition. Thus, if the 
patient is not receiving routine examinations, it is possi- 
ble that the aneurysm will progress to the rupture stage, 
wherein the mortality rates are significantly higher. 
[0006] Disadvantages associated with the conven- 
tional, prior art surgery, in addition to the high mortality 
rate are: the extended recovery period associated with 
such surgery; difficulties in suturing the graft, or tube, to 
the aorta; the loss of the existing aorta wall and throm- 
bosis to support and reinforce the graft; the unsuitability 
of the surgery for many patients having abdominal aor- 
tic aneurysms; and the problems associated with per- 
forming the surgery on an emergency basis after the 
aneurysm has ruptured. As to the extent of recovery, a 
patient can expect to spend from 1 to 2 weeks in the 
hospital after the surgery, a major portion of which is 
spent in the intensive care unit, and a convalescence 
period at home from 2 to 3 months, particularly if the 
patient has other illness such as heart, lung, liver, 
and/or kidney disease, in which case the hospital stay is 
also lengthened. Since the graft must be secured, or 
sutured, to the remaining portion of the aorta, it is many 
times difficult to perform the suturing step because of 
thrombosis present on the remaining portion of the 
aorta, and that remaining portion of the aorta wall may 
many times be friable, or easily crumbled. 
[0007] Since the aneurysm is totally removed in the 
prior art surgery, the new graft does not have the benefit 
of the previously existing aortic wall, and the thrombosis 
therein, which could be utilized to support and reinforce 
the graft were the graft to be able to be inserted within 
the existing aortic wall and thrombosis. Since many 
patients having abdominal aortic aneurysms have other 
chronic illnesses, such as heart, lung, liver, and/or kid- 
ney disease, coupled with the fact that many of these 
patients are older, the average age being approximately 
67 years old, these patients are not ideal candidates for 
such surgery, which is considered major surgery. Such 
patients have difficulties in surviving the operation. 
Lastly, once the aneurysm has ruptured, it is difficult to 
perform a conventional surgery on an expedited basis 
because of the extent of the surgery. 
[0008] Accordingly, prior to the development of the 
present invention, there has been no graft for intralumi- 
nal delivery, or method and apparatus for repairing an 
abdominal aortic aneurysm, which: does not have a 
high mortality rate; does not have an extended recovery 
period; does not require suturing the graft to the remain- 
ing aorta wall; permits the existing aortic wall and 
thrombosis therein to support and reinforce the graft; is 
suitable for patients with other chronic illnesses; and is 
more readily performed on an emergency basis after 
rupture of the aneurysm. Therefore, the art has sought 
an aortic graft for intraluminal delivery, and a method 
and apparatus for repairing an abdominal aortic aneu- 
rysm which is believed to: not have a high mortality rate; 
not require an extended recovery period; not require 
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suturing the graft to the remaining aortic wall: permit the 
existing aortic wall and thrombosis therein to be 
retained to reinforce and support the aortic graft; be 
suitable for patients having other chronic illnesses; and 
be more readily, quickly performed on an emergency 5 
basis after rupture of the aneurysm. 
[0009] In accordance with the invention, the foregoing 
advantages have been achieved through the present 
aortic graft for intraluminal delivery to repair an abdomi- 
nal aortic aneurysm in an aorta having two iliac arteries 
associated therewith at an aortic bifurcation. The 
present invention includes: a tube having first and sec- 
ond ends and a wall surface disposed between the two 
ends, at least a portion of the tube adapted to be dis- 
posed within the abdominal aortic aneurysm; a first 
means for securing the first end of the tube to the aorta, 
the first securing means having a first diameter which 
permits intraluminal delivery of the first securing means 
into the aorta and the first securing means having a sec- 
ond, expanded diameter, to secure the first end of the 
tube to the aorta; and a second means for securing the 
second end of the tube within the aortic bifurcation. 
[001 0] A further feature of the present invention is that 
the second means for securing the second end may 
include a thin-walled tubular member having a longitudi- 
nal axis, an interior, first and second ends, and a 
smooth outer tubular member wall surface disposed 
between the first and second ends, the tubular member 
wall surface having a substantially uniform thickness 
and a plurality of slots formed therein, the slots being 
disposed substantially parallel to the longitudinal axis of 
the tubular member, the second end of the tube being 
secured to the first end of the tubular member; the tubu- 
lar member having a first diameter which permits intra- 
luminal delivery of the tubular member into the aorta 
and the tubular member having a second, expanded 
and deformed diameter, upon an application from the 
interior of the tubular member of a radially, outwardly 
extending force, which second diameter is variable and 
dependent upon the force applied to the tubular mem- 
ber, whereby the tubular member may be expanded and 
deformed to secure the second end of the within the 
aortic bifurcation. 

[001 1 ] In accordance with the invention the foregoing 
advantages have also been achieved through the 
present aortic graft for intraluminal delivery to repair an 
abdominal aortic aneurysm in an aorta having two iliac 
arteries associated therewith at an aortic bifurcation 
having an interior surface. This aspect of the present 
invention includes: a tube having first and second ends 
and a wall surface disposed between the two ends, at 
least a portion of the tube adapted to be disposed within 
the abdominal aortic aneurysm; means for securing the 
first end of the tube to the aorta, the securing means 
having a first diameter which permits intraluminal deliv- 
ery of the securing means into the aorta and the secur- 
ing means having a second, expanded diameter, to 
secure the first end of the tube to the aorta; and a 



means for sealing the second end of the tube within the 
aorta bifurcation. 

[001 2] A further feature of this aspect of the present 
invention is that the means for sealing the second end of 
the tube may be at least one wire associated with the 
second end of the tube, the wire in the second end of 
the tube having a first cross-sectional configuration 
which permits intraluminal delivery of the tube and the 
means for sealing within the aortic bifurcation; and a 
second enlarged cross-sectional configuration, wherein 
the wire and second end of the tube conform to, and 
sealingly engage, the interior surface of the aortic bifur- 
cation. An additional feature of the present invention is 
that the at least one wire may be associated with the 
second end of the tube by weaving the at least one wire 
into the second end of the tube, and the at least one 
wire may be woven into the second end of the tube in a 
generally zigzag pattern. A further feature of the present 
invention is that portions of the at least one wire may be 
woven into the second end of the tube with portions of 
the at least one wire extending outwardly, or inwardly, of 
the second end of the tube. 

[001 3] In accordance with the invention, the foregoing 
advantages have also been achieved through the 
present method for repairing an abdominal aortic aneu- 
rysm in an aorta having two iliac arteries associated 
therewith at an aortic bifurcation having an interior sur- 
face. The method of the present invention comprises 
the steps of: connecting an upper end of a tube to an 
expandable tubular member; disposing the tube and 
tubular member upon a first catheter having a first 
expandable, inflatable portion with the tubular member 
disposed upon the expandable, inflatable portion; intra- 
luminally delivering the tube, tubular member and first 
catheter to the aorta and disposing at least a portion of 
the tube within the abdominal aortic aneurysm; expand- 
ing the first expandable, inflatable portion of the cathe- 
ter to expand the tubular member to force the tubular 
member radially outwardly into contact with the aorta to 
secure the tubular member and at least a portion of the 
tube within the aorta; and securing a lower end of the 
tube within the aortic bifurcation whereby the tube pro- 
vides a fluid passageway through the abdominal aortic 
aneurysm. 

[001 4] Another feature of the present invention is that 
the lower end of the tube may be secured within the aor- 
tic bifurcation by connecting the lower end of the tube to 
an expandable and deformable tubular member, which 
is forced radially outwardly into contact with the interior 
surface of the aortic bifurcation, and the expandable 
and deformable tubular member is forced radially out- 
wardly by expanding a second expandable, inflatable 
portion of the first catheter to expand and deform the 
expandable and deformable tubular member. A further 
feature of the present invention is that the lower end of 
the tube may be secured within the aortic bifurcation by 
disposing an expandable and deformable tubular mem- 
ber within the lower end of the tube, which is forced radi- 
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ally outwardly into contact with the interior surface of the 
aortic bifurcation by expanding an expandable, inflata- 
ble portion of a second catheter to expand and deform 
the expandable and deformable tubular member. 
[0015] In accordance with another aspect of the 
present invention, the foregoing advantages have been 
achieved through a method for repairing an abdominal 
aortic aneurysm in an aorta having two iliac arteries 
associated therewith at an aortic bifurcation having an 
interior surface. This aspect of the present invention 
includes the steps of: connecting an upper end of a tube 
to an expandable, tubular member; disposing the tube 
and tubular member upon a catheter having a first 
expandable, inflatable portion with the tubular member 
disposed upon the first expandable, inflatable portion; 
intraluminal^ delivering the tube, tubular member and 
catheter to the aorta and disposing at least a portion of 
the tube within the abdominal aortic aneurysm; expand- 
ing the first expandable, inflatable portion of the cathe- 
ter to expand the tubular member to force the tubular 
member radially outwardly into contact with the aorta to 
secure the tubular member and at least a portion of the 
tube within the aorta; and sealing the second end of the 
tube within the aortic bifurcation, whereby the tube pro- 
vides a fluid passageway through the abdominal aortic 
aneurysm. 

[0016] Another feature of this aspect of the present 
invention is that the second end of the tube may be 
sealed within the aortic bifurcation by associating at 
least one wire with the lower end of the tube, and forcing 
the at least one wire and lower end of the tube out- 
wardly to conform to, and sealingly engage against, the 
interior surface of the aortic bifurcation. An additional 
feature of this aspect of the present invention includes 
the step of weaving the at least one wire into the lower 
end of the tube, and the at least one wire may be woven 
in a generally zigzag pattern. A further feature of the 
present invention may include the step of weaving the at 
least one wire into the lower end of the tube with por- 
tions of the at least one wire extending outwardly, or 
inwardly, of the lower end of the tube. 
[0017] Another aspect of the present invention is a 
balloon device for use in repairing an abdominal aortic 
aneurysm in an aorta having two iliac arteries associ- 
ated therewith at an aortic bifurcation. This aspect of the 
present invention includes: a catheter having a longitu- 
dinal axis and at least three internal passageways; first 
and second inflatable balloons disposed upon the cath- 
eter and separated by a predetermined distance, each 
balloon connected to at least one of the internal pas- 
sageways, the second balloon having first and second 
ends and a longitudinal axis which is substantially paral- 
lel to the longitudinal axis of the catheter, the first end of 
the second balloon being disposed closer to the first 
balloon then the second end of the second balloon; the 
first and second balloons having a generally cylindrical 
cross-sectional configuration upon being inflated, 
defined by an outer wall surface; and the second end of 



the second balloon including an end wall surface which 
is disposed substantially perpendicular to the longitudi- 
nal axis of a first portion of catheter disposed within the 
second balloon and substantially perpendicular to the 
5 outer wall surface of the second balloon, whereby the 
second balloon may be readily disposed within the aor- 
tic bifurcation. 

[0018] Another feature of this aspect of the present 
invention is that a second portion of a catheter located 

10 adjacent the second end of the second balloon is dis- 
posed at an angle of approximately thirty degrees with 
respect to the longitudinal axis of the second balloon, 
whereby the second portion of the catheter may be 
readily disposed in an iliac artery adjacent the aortic 

15 bifurcation. A further feature of the present invention is 
that the second portion of the catheter may be biased 
into the angle of approximately thirty degrees. 
[0019] The foregoing advantages are also achieved 
through another aspect of the present invention which is 

20 a graft for intraluminal delivery to repair a body pas- 
sageway. This aspect of the present invention includes: 
a tube having first and second ends and a wall surface 
disposed between the two ends, the tube adapted to be 
disposed within the body passageway; and means for 

25 securing the tube within the body passageway, the 
securing means including a thin-walled tubular member 
having first and second ends and a smooth outer wall 
surface disposed between the first and second ends, 
the wall surface having a substantially uniform thickness 

30 and a plurality of slots formed therein, the slots being 
disposed substantially parallel to the longitudinal axis of 
the tubular member, the tube being secured to the outer 
wall surface of the tubular member; the tubular member 
having a first diameter which permits intraluminal deliv- 

35 ery of the tubular member and tube into the body pas- 
sageway and the tubular member and tube having a 
second, expanded and deformed diameter, upon the 
application from the interior of the tubular member of a 
radially, outwardly extending force, which second diam- 

40 eter is variable and dependent upon the amount of force 
applied to the tubular member, the tube and tubular 
member each having a predetermined length, the 
length of the tube and tubular member being substan- 
tially the same, whereby the tubular member may be 

45 expanded and formed to secure the tube within the 
body passageway. 

[0020] Another feature of this aspect of the present 
invention is that the tube may be secured to the outer 
wall surface of the tubular member by a plurality of 

so sutures. A further feature of the present invention is that 
at least one pair of sutures may be utilized and the 
sutures of each pair of sutures are disposed on the 
outer wall surface of the tubular member, circumferen- 
tially spaced by an angle of approximately 180 degrees. 

55 An additional feature of the present invention is that the 
tube may be folded and wrapped around the tubular 
member when the tubular member has its first diameter; 
and the tube unfurls and has a diameter substantially 
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equal to the diameter of the tubular member, after the 
tubular member has been expanded and deformed and 
has the second, expanded and deformed diameter. 
[0021] The aortic graft for intraluminal delivery, and 
method and apparatus for repairing an abdominal aortic s 
aneurysm of the present invention, when compared to 
previously proposed prior art grafts and methods and 
apparatus for repairing aneurysms, are believed to have 
the advantages of: a lower mortality rate; shortened 
recovery periods; not requiring suturing a graft to the 
aorta; utilizing the existing aortic wall and thrombosis 
therein to support and reinforce the aortic graft; being 
suitable for use with patients having other chronic ill- 
nesses; and being able to be expeditiously used on an 
emergency basis after an aneurysm has ruptured. 
[0022] In the drawings: 

FIG. 1 is a partial cross-sectional view of an 
abdominal aortic aneurysm in the process of being 
repaired in accordance with the present invention; 
FIG. 2 is a partial cross-sectional view of a portion 
of the aorta of FIG. 1 , illustrating the expansion of a 
portion of an aortic graft; 

FIG. 3 is a partial cross-sectional view of the aorta 
of FIG. 2, illustrating the portion of the aortic graft 
being fully expanded; 

FIG. 4 is a partial cross-sectional view of an aorta 
with the aortic graft of the present invention having 
been used to repair an abdominal aortic aneurysm; 
FIG. 5 is a perspective view of an apparatus for 
repairing an abdominal aortic aneurysm; 
FIGS. 6-8 illustrates different embodiments of an 
aortic graft in accordance with the present inven- 
tion, such grafts being disposed within an abdomi- 
nal aortic aneurysm and/or iliac aneurysm; 
FIGS. 9-12 are partial cross-sectional views of an 
abdominal aortic aneurysm, illustrating one embod- 
iment of: the method of the present invention for 
repairing an abdominal aortic aneurysm and iliac 
aneurysm; 

FIG. 13 is a partial cross-sectional view of a patient 
with a ruptured abdominal aortic aneurysm, which 
rupture is being repaired in accordance with the 
present invention; 

FIG. 13a is an enlarged partial cross-sectional view 
of a portion of FIG. 13; 

FIG. 14 is a partial cross-sectional view along the 
longitudinal axis of an apparatus for repairing an 
abdominal aortic aneurysm, after the aneurysm 
has ruptured; 

FIG. 15 is a partial cross-sectional view of the aorta 
of FIG. 2, illustrating the expansion of a portion of 
an aortic graft; 

FIG. 16 is a partial cross-sectional view of the aorta 
of FIG. 15, illustrating the aortic graft, after it has 
been fully expanded; 

FIG. 1 7 is a partial cross-sectional view of the aorta 
of FIG. 16, having the lower end of the graft being 



secured within the aortic bifurcation; 

FIG. 18 is an exploded view of the lower end of an 

aortic graft which includes a means for sealing the 

lower end of the graft within the aortic bifurcation; 

FIG. 19 is an exploded view of the lower end of the 

aortic graft of FIG. 18 after the graft has been 

expanded; 

FIG. 20 is a partial cross-sectional view of a balloon 
device in accordance with the present invention; 
FIG. 21 is a partial cross-sectional view taken along 
line 21 -21 of FIG. 20; 

FIG. 22 is a perspective view of a graft for a body 
passageway; 

FIG. 23 is a perspective view of the graft of FIG. 22 
in its fully expanded configuration; and 
FIG. 24 is a partial cross-sectional view taken along 
line 24-24 of FIG. 22. 

[0023] While the invention will be described in connec- 
tion with the preferred embodiment, it will be understood 
that it is not intended to limit the invention to that 
embodiment. On the contrary, it is intended to cover all 
alternatives, modifications, and equivalents, as may be 
included within the spirit and scope of the invention as 
defined by the appended claims. 
[0024] In FIGS. 1-4 an aortic graft 150 for intraluminal 
delivery to repair an abdominal aortic aneurysm 1 51 in 
an aorta 152 having two iliac arteries 153L, 153R asso- 
ciated therewith is illustrated. Aneurysm 151 include 
areas of thrombosis 154, which are disposed against 
the interior wall surface 155 of aorta 152. Blood flows 
through the aorta in the direction of arrows 156. Associ- 
ated with aorta 152, above aneurysm 151, are a plural- 
ity of renal arteries 157, in fluid communication with 
aorta 152. Aortic graft 150 is seen to generally com- 
prise: a tube 160 having first and second ends 161, 162 
and wall surface 1 63 disposed between the two ends, at 
least a portion of the tube 160 adapted to be disposed 
within the aneurysm 151 ; and means for securing 165 
the first end 1 61 of the tube 1 60 to the aorta 1 52. 
[0025] Preferably securing means 165 includes a thin- 
walled member 166 having first and second ends 167, 
168 and a smooth outer wall surface 169 disposed 
between the first and second ends 167, 168 of the thin- 
walled member 166. The thin-walled member 166 has a 
first diameter D' (FIG. 1), which permits intraluminal 
delivery of the thin-walled member 166 into the aorta 
152. Upon the application from the interior of the thin- 
walled member 166 of a radially, outwardly extending 
force, as will be hereinafter described in greater detail, 
the thin-walled member 166 has a second, expanded 
and deformed diameter D" (FIGS. 3 and 4), whereby the 
thin-walled member 166 is expanded and deformed to 
secure the first end 167 of the thin-walled member 166 
and the first end 161 of the tube 160 to the aorta 152. 
The second diameter D M , as will be hereinafter 
described in greater detail, is variable and dependent 
upon the amount of force applied to the thin-walled 
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member 166. The first end 161 of tube 160 is connected 
to the second end 168 of the thin-walled member 166, 
as by a plurality of sutures 170 (FIG. 2). Sutures 170 
may be conventional sutures of polypropylene, 
DACRON®, or any other suitable material. Preferably, 
the first end 161 of tube 160 overlaps and covers the 
second end 1 68 of thin -walled member 1 66, such over- 
lap being approximately 50% of the length of thin-walled 
member 166. The first end 161 of tube 160, which over- 
laps the second end 168 of thin-walled member 166, is 
preferably constructed so that it is radially expandable, 
whereby the first end 161 of tube 160 may conform with 
the second, expanded and deformed diameter D" of the 
second end 168 of the thin-walled member 166 as seen 
in FIGS. 3 and 4. If tube 1 60 is woven, the weave of the 
material at its first end 1 61 is looser, so that the desired 
radial expansion can be obtained. The intermediate por- 
tion 1 71 of tube 160 disposed between first and second 
ends 161, 162 thereof, is preferably not substantially 
radially expandable. 

[0026] Still with reference to FIGS. 1-4, thin-walled 
member 166 is preferably a thin-walled tubular member 
172 whose wall surface 169 has a substantially uniform 
thickness with a plurality of slots 173 (FIGS. 1 and 5) 
formed therein, the slots 173 being disposed substan- 
tially parallel to the longitudinal axis of the tubular mem- 
ber 1 72. It has been found that one type of thin-walled 
member 166, or tubular member 172, which is particu- 
larly useful as securing means 165 are the expandable 
intraluminal grafts disclosed in U.S. Patent No. 
4,733,665, issued March 29, 1988; U.S. Patent No. 
4,739,762, issued April 26, 1988; and U.S. Patent No. 
4,776,337, issued October 11, 1988, all the foregoing 
patents being in the name of Julio C. Palmaz, and 
assigned to Expandable Grafts Partnership. Each of 
these patents is incorporated herein by reference. Other 
thin-walled members 166, or tubular members 172 
could be utilized as securing means 165, provided they 
have ability to be controllably expanded and deformed 
from the first diameter D', which permits intraluminal 
delivery of securing means 165, to the second 
expanded and deformed diameter D", in order to secure 
the thin-walled member 166, and connected tube 160 
within aorta 152. 

[0027] Still with reference to FIGS. 1 -4, tube 1 60, pref- 
erably has a generally, circular cross-sectional configu- 
ration, and tube 160 may be made from a variety of 
materials, provided they have the requisite strength 
characteristics to be utilized as an aortic graft 150, as 
well as have the requisite compatibility with the human 
body in order to be used as a graft, or implant material, 
without being rejected by the patient's body. Examples 
of such materials are DACRON® and other polyester 
materials. TEFLON® (polytetrafluoroethylene), 
TEFLON® coated DACRON® material and porous 
polyurethane. The material can be knitted or woven, 
and can be warp or weft knitted. If the material is warp 
knitted, it may be provided with a velour, or towel like 



surface, which speeds up clotting of blood which con- 
tacts tube 160 in order to increase the attachment, or 
integration, of tube 160 to aorta 152, or to assist the 
integration of tube 160 to the thrombosis 154. Tube 160 

5 can also be made of a bio-erodible, or degradable mate- 
rial, such as albumin or collagen or a collagen coated 
material. A tube 160 which is bioerodable, would erode 
and dissolve, or degrade, over a period of time; how- 
ever, it is believed that a layer of endothelium, or skin, 

w will grow as the tube 160 erodes, the new layer of 
endothelium, or skin, providing a new, fluid impervious 
lining within aneurysm 151. As will be hereinafter 
described in greater detail, when aortic graft 150 is uti- 
lized in connection with an emergency insertion after a 

15 rupture of aneurysm 1 51 , it would be preferable to make 
tube 160 of a fluid impervious material. Additionally, the 
tube 1 60 or securing means 1 60 could have a coating of 
a biologically inert material, such as TEFLON® or 
porous polyurethane. 

20 [0028] Still with reference to FIGS. 1-4 tube 160 may 
have a crimped configuration to form an undulating lon- 
gitudinal cross-sectional configuration (FIG. 1), 
whereby kinking, or twisting, or folding over upon itself 
will be minimized when the tube 160 is secured within 

25 the aneurysm 151, as will be hereinafter described in 
greater detail. This undulating configuration can be 
obtained by heat stamping tube 160, or in any other 
suitable manner, whereby the tube 160 has a "memory" 
and if it is twisted or kinked, it will return to its original 

30 configuration and disposition. Alternatively, tube 160 
can have a smooth outer surface. 
[0029] With reference to FIGS. 1-4, and FIG. 5, an 
apparatus 180 for repairing an abdominal aortic aneu- 
rysm 151 generally comprises: tube 160; expandable 

35 and deformable thin-walled member 166, or tubular 
member 172 which preferably includes slots 173 and 
has a smooth outer wall surface 1 69, the expansion and 
deformation of the thin-walled member 166 being con- 
trollable, as will hereinafter be described in greater 

40 detail: and a catheter 181 having an expandable, inflat- 
able portion 182, or balloon 183 associated therewith 
and a nosepiece 184. The thin-walled member 166, or 
tubular member 172, is releasably mounted to the inflat- 
able portion 182 of catheter 181 , in any suitable fashion, 

45 whereby upon inflation of the expandable, inflatable por- 
tion 182 of catheter 181, the thin-walled member 166 is 
forced radially outwardly into contact with the aorta 152 
to remain secured thereto, whereby the tube 160, 
secured to the thin-walled member 166, provides a pas- 

50 sageway 185 (FIG. 4) through the abdominal aortic 
aneurysm 151, so that blood can pass through the 
aneurysm 151 and be separated therefrom. As seen in 
FIG. 4, the existing aortic wall 152' and the thrombosis 
154 therein provide additional support and reinforce- 

55 ment for tube 1 60 of aortic graft 1 50. 

[0030] The apparatus 180 for repairing the abdominal 
aortic aneurysm 151 as illustrated in FIG. 5 is in its con- 
figuration it would have for intraluminal delivery, as also 
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illustrated in FIG. 1. In the configuration shown in FIG. 
5, the thin-walled member 166 has its first unexpanded, 
undeformed diameter D\ and balloon 183 is shown par- 
tially inflated in FIG. 2, and completely inflated in FIG. 3. 
Expansion and deformation of thin-walled member 166 
is controlled by the expansion of balloon 183 of catheter 
181, in a conventional manner. When apparatus 180 is 
being intraluminally delivered, catheter 181, thin-walled 
member 166, and tube 1 60 are preferably enclosed by a 
conventional catheter sheath 186 which is removed, as 
shown in FIG. 1, as apparatus 180 is disposed in its 
desired location within aorta 152, as will hereinafter be 
described in greater detail. Deflation of balloon 183 per- 
mits the withdrawal of catheter 181 and release of the 
balloon 183 and catheter from aortic graft 150 after it 
has been disposed in the configuration shown in FIG. 4. 
[0031] With reference to FIGS. 6 and 8, various 
embodiments of grafts 150 are illustrated within aorta 
152 and aneurysm 151 after aneurysm 151 has been 
repaired through the use of aortic graft 150 and appara- 
tus 180. In FIG. 6, aortic graft 150' includes tube 160 as 
previously described, and graft 1 50' is secured by use of 
thin-walled member 166 as previously described. 
Abdominal aortic aneurysm 151 also includes two iliac 
artery aneurysms 190, which also contain the same 
thrombosis 154 disposed within aneurysm 151. Aortic 
graft 150' of FIG. 6 has the second end 162 of tube 160 
bifurcated, so that two tubular passageways 191 are 
formed which are each in fluid communication with the 
first end 161 of tube 160, and the fluid passageways 

191 are mated with and disposed within the two iliac 
arteries 153. 

[0032] The aortic graft 150" of FIG. 7 is the same as 
graft 1 50' of FIG. 6, except that the two tubular passage- 
ways 191 include means for securing the two tubular 
passageways 191 to the two iliac arteries 153. Securing 
means 192 preferably are thin-walled members 166, or 
tubular members 1 72 of the same type of construction 
as those used for securing means 165. Securing means 

192 may be expanded and deformed in the same man- 
ner as securing means 165 by controlled inflation of the 
expandable, inflatable portion 182 of catheter 181. In 
this regard, catheter 1 81 of apparatus 180 of FIG. 5 may 
include a second expandable, inflatable portion 182 (not 
shown) spaced longitudinally from the first expandable, 
inflatable portion 182, so that securing means 165 and 
192 may be expanded and deformed simultaneously. 
Alternatively, apparatus 180 as shown in FIG. 5 could 
be utilized to first expand and deform securing means 
165 disposed at the upper end 1 61 of tube 160, and the 
expandable, inflatable portion 182 could then be 
deflated and moved downwardly toward second secur- 
ing means 192. The expandable, inflatable portion 182 
would then be re-expanded and inflated to deform and 
expand securing means 192. Although the flow of 
pumped blood downwardly through aorta 152 and into 
iliac arteries 153 is believed to provide enough pressure 
to maintain passageway 191 in their desired positions, 



there is a slight negative vacuum pressure component 
associated with the pumping pressure, whereby the 
securing means 192 might be required. Securing 
means 192 also serves to insure no movement of pas- 
5 sageways 191, caused by body movements. 

[0033] In some instances, aneurysm 151 could extend 
above the renal arteries 157, as shown in dotted lines 

195 in FIG. 7. In order to secure aortic graft 150" to 
repair such an aneurysm 151, 195, it is preferable to 

10 use a securing means 1 65' which includes first and sec- 
ond thin-walled members 1 66 and 166', or tubular mem- 
bers 172, 172', which are flexibly interconnected by at 
least one connector member 196, the first end 161 of 
tube 160 being .... secured, as previously described, 

15 to the second end 1 68 of thin-walled member 1 66 in the 
manner previously described. The flexible connector 
member 196 spans the part of the aorta 152 adjacent 
the renal arteries 157, so that fluid flow through renal 
arteries 157 is not obstructed. Preferably, two connector 

20 members 196 are utilized, the connector members 
being disposed 180o apart, whereby the surgeon can 
determine by x-ray or fluoroscopy that the two flexible 
connector members 196 are disposed in the position 
shown in FIG. 7, wherein the second connector member 

25 (not shown) is disposed directly behind the first connec- 
tor member 196. If two images of connector members 

196 appear on the x-ray or the fluoroscope, the surgeon 
will know that it is possible that one of the renal arteries 
157 may be obstructed by one of the connector mem- 

30 bers 196. Securing means 165' is expanded and 
deformed in the same manner as previously described 
with respect to securing means 165. 
[0034] With reference to FIG. 8, a graft 150"' is illus- 
trated, graft 150"' being similar in design to the graft 150 

35 illustrated in FIG. 4, with the exception that the second 
end 162 of tube 160 is provided with additional securing 
means 192 as previously described in connection with 
FIG. 7. 

[0035] With reference to FIGS. 9-12, a method for 

40 repairing an abdominal aortic aneurysm 151 and iliac 
aneurysm 190 with an aortic graft 150' as illustrated in 
FIG. 6 will be described. After tube 160 has been con- 
nected to an expandable and deformable thin-walled 
member 166, or tubular member 172, as previously 

45 described in connection with FIGS. 1-5, a surgical wire 
200 is introduced through a conventional catheter inser- 
tion device 201 through the right femoral artery 202 R. In 
a conventional manner, the surgical wire 200 is passed 
from the right femoral artery 202R upwardly through the 

so right iliac artery 153R through the aorta 152 and down- 
wardly through the left iliac artery 153L and into the left 
femoral artery 202L and into another conventional cath- 
eter insertion device 201 . Apparatus 180, including tube 
160, catheter 181, and thin-walled member 166 are 

55 then intraluminally delivered into the aorta 152 and 
aneurysm 151 , through the left femoral artery 202L, via 
a conventional catheter insertion device 201. Securing 
means 1 65 can be disposed in the aorta 1 52 in the posi- 
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tion shown in FIGS. 9 and 1. Sheath 186 may then be 
removed in a conventional manner. With reference to 
FIGS. 10 and 11, after sheath 186 is removed, surgical 
wire 200 may then be sutured to the right passageway 
191 R of tube 160 as shown in FIG. 10. Securing means 
165 may then be expanded and deformed in the manner 
previously described, as shown in FIG. 1 1 . The wire 200 
can then be withdrawn and pulled, so as to pull the right 
passageway 1 91 R of tube 1 60 downwardly into the right 
iliac artery 153R until it assumes the position shown in 
FIG. 12. This same method could also be utilized to 
repair an aneurysm 151, including an iliac aneurysm 
191 with the graft 150" of FIG. 7. 
[0036] With reference to FIGS. 13, 13a, and 14, a 
method and apparatus for repairing an abdominal aortic 
aneurysm 151 which has ruptured as shown at 250 in 
FIGS. 13 and 13a is illustrated. As seen in FIG. 13a, 
blood is illustrated by arrows 251 as flowing through the 
opening, or rupture, 250 in the wall 252 of aorta 152, 
and the thrombosis 154 is separated from wall 252. 
Apparatus 180', as shown in FIG. 14, is similar to appa- 
ratus 180 previously described in connection with FIG. 
5. Apparatus 180' includes tube 160 of the type as pre- 
viously described, a catheter 181' having an extended 
nosepiece 184', tube 160 being disposed about the 
extended nosepiece 184'. Securing means 165, as pre- 
viously described, is mounted upon an expandable, 
inflatable portion 183 of catheter 181'. Apparatus 180' 
differs from that previously described, in that catheter 
181' first passes through securing means 165 and then 
into tube 160, whereas in apparatus 180, catheter 181 
first passes through tube 160 and then into securing 
means 165. Sheath 186 is also provided as previously 
described. Additionally, the second end 162 of tube 160 
is restrained in the position shown in FIG. 14, as by a 
thread which is sutured to the lower end 162 of tube 
160, the thread 260 passing through the extended cath- 
eter nosepiece 184'. 

[0037] As will hereinafter be described in greater 
detail, it is preferable that thread 260 be able to be eas- 
ily pulled through tube 160. Accordingly, it is preferred 
that thread 260 have a smooth, slippery surface. Nylon 
monofilament is thus a preferred material for thread 
260. 

[0038] As seen in FIG. 13, apparatus 180' is intralumi- 
nal^ delivered to the aorta and the ruptured aneurysm 
151 through an axillary artery 261 in the patient's arm 
262 whereby apparatus 180' is intraluminal^ delivered 
via the axillary artery downwardly through the aorta 1 52 
into the position illustrated in FIGS. 13 and 1. Securing 
means 165 is then expanded and deformed in the man- 
ner previously described, so that aortic graft 150 
assumes the configuration illustrated in FIGS. 4 and 13. 
In the event of a rupture 250, it is believed it would be 
difficult to enter the aorta 152 from the femoral artery, 
where as it is believed it will be readily possibly to intra- 
luminally deliver apparatus 180' through the axillary 
artery 261 via usage of a conventional catheter inser- 



tion device 201 . Because of the rapid flow of blood, it is 
preferred that the tube 160 be made fluid impervious 
when used for repairing aneurysms which have rup- 
tured. It should be readily recognized that the procedure 
5 illustrated in connection with FIGS. 13, 13a, and 14 can 
be much more expeditiously performed then the con- 
ventional, prior art method for repairing a ruptured 
aneurysm 151. 

[0039] With reference to FIGS. 15-17, an aortic graft 

10 1 50 of the same construction as that illustrated in FIGS. 
2-4, and as previously described in connection there- 
with, is illustrated being implanted within abdominal aor- 
tic aneurysm 151. The same reference numerals have 
been utilized in FIGS. 15-17 for identical elements pre- 

15 viously described in connection with FIGS. 2-4. In FIG. 
15, the securing means 165, or thin-walled member 
166, which may preferably be a thin-walled tubular 
member 172, is being expanded and deformed by the 
inflation of balloon 183 of catheter 181, as previously 

20 described. After securing means 165 has been 
expanded and deformed to have its second expanded, 
and deformed, diameter D", as shown in FIG. 16, bal- 
loon 183 disposed on catheter 181 is moved down- 
wardly through tube 160 to distend tube 160 until tube 

25 160 has the configuration illustrated in FIGS. 4 and 16, 
within thrombosis 154 of abdominal aortic aneurysm 
151, with the second, or lower end, 162 of tube 160 
being disposed within the lower neck portion 300 of 
abdominal aortic aneurysm 151, or aortic bifurcation 

30 301 . 

[0040] A completion aortogram may then be obtained. 
If the completion aortogram demonstrates reflux, or 
flow, back into the abdominal aortic aneurysm 151, it 
may be desirable to secure the second end 162 of tube 

35 1 60 within the lower neck 300 of abdominal aortic aneu- 
rysm 151, or aortic bifurcation 301. Another securing 
means 165, or thin-walled tubular member 172, may 
then be intraluminal^ delivered to the lower end 162 of 
tube 160, by disposing tubular member 172 upon an 

40 expandable, inflatable portion, or balloon 183, of 
another catheter 1 81 . Upon the means for securing 192' 
the second end 162 of tube 160, or tubular member 
172, being expanded and deformed by balloon 183 of 
another, or second catheter 181 , the means for securing 

45 192' the second end 162 of tube 160 will be expanded 
within lower neck 300, or aortic bifurcation 301 , into the 
configuration illustrated in FIG. 17. 
[0041] Alternatively, aortic graft 150 may be initially 
provided with the means for securing 192' the second 

so end 1 62 of tube 1 60 before the initial deployment of aor- 
tic graft 1 50 within abdominal aortic aneurysm 151. The 
second securing means 192' may be sutured to the 
lower end 162 of tube 160 in the same manner as 
securing means 1 65 is initially sutured to the upper end 

55 161 of tube 160, as previously described. Second 
securing means 192' would likewise have a first diame- 
ter D' to permit the intraluminal delivery of tube 160 
along with second securing means 192'. After securing 
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means 165 has been expanded into its second, 
expanded diameter D", as shown in FIG. 16, the balloon 
183 would be deflated, and catheter 181 would be 
moved downwardly to dispose balloon 183 within the 
second securing means 192'. Balloon 183 would then 5 
be reinflated to expanded second securing means 192' 
into the configuration illustrated in FIG. 17. 
[0042] Alternatively, aortic graft 150 including first 
securing means 165 and second securing means 192' 
could be mounted upon an apparatus 180", or double 
balloon catheter 181", which will be hereinafter 
described in greater detail in connection with FIGS. 20 
and 21. When using double balloon catheter 181", the 
first balloon 183, upon which first securing means 165 is 
disposed, is first inflated to secure the first end 161 of 
the tube 1 60 to the aorta. Thereafter the second balloon 
183', upon which the second securing means 192' is 
disposed, is then inflated to expand the tubular member 
172 of second securing means 192'. It should be noted 
that because of the shorter length of the lower neck 300 
of abdominal aortic aneurysm 151 , in comparison to the 
longer upper neck 302 of abdominal aortic aneurysm 
151 , the tubular member 1 72 of second securing means 
192' is shorter in length than the tubular member 172 of 
the first securing means 165, to enable the second 
securing means 192' to be properly secured within the 
aortic bifurcation 301, or lower neck 300 of abdominal 
aortic aneurysm 151, as illustrated in FIG. 17. It should 
also be noted that the first securing means 1 65 could be 
any type of expandable stent, provided it has a first 
diameter which permits intraluminal delivery of the first 
securing means 165 into the aorta 152, and also has a 
second, expanded diameter, to secure the first end 161 
of tube 160 to the aorta 152, or the upper neck 302 of 
abdominal aortic aneurysm 151. Preferably, the first 
securing means 165 is of the construction of tubular 
member 172 previously described, as is the construc- 
tion of the second securing means 192', or the lower 
tubular member 172. 

[0043] With reference to FIGS. 1 8 and 1 9, the second, 
or lower end 162 of tube 160 of aortic graft 150 is illus- 
trated disposed within aortic bifurcation 301, or the 
lower neck 300 of abdominal aortic aneurysm 151 . Aor- 
tic graft 150, instead of being provided with a means for 
securing 192' the second end 162 of tube 160 within 
aortic bifurcation 301, the second, or lower end 162, of 
tube 160 is provided with a means for sealing 310 the 
second end 162 of tube 160 within the aortic bifurcation 
301, or lower neck 300 of abdominal aortic aneurysm 
151. 

[0044] It is very important that reflux of blood flow into 
the aneurysm sac, or area of thrombosis 1 54 in abdom- 
inal aortic aneurysm 151, be prevented by proper align- 
ment of the tube 160 with a normal segment of the 
aorta, or the lower neck 300 of abdominal aortic aneu- 
rysm, at the location of the aortic bifurcation 301. It is 
has been determined that provided a lower neck 300 of 
abdominal aortic aneurysm 151 is present in a patient, 



and a tube 160 of adequate diameter has been tailored 
to a length that is appropriate to reach the lower neck 
300, the undesired reflux may not occur. Based upon 
research, it has been determined that even if the length 
of the tube 160 has been calculated precisely, the anat- 
omy of an abdominal aortic aneurysm 151 may deter- 
mine whether or not high-pressure reflux of blood will 
occur into the aneurysm sac, or area of thrombosis 1 54. 
In general, large abdominal aortic aneurysms are less 
likely than small abdominal aortic aneurysms to have a 
lower neck 300 which has an adequate length to readily 
permit securing the lower end 162 of tube 160 within 
aortic bifurcation 301 . Furthermore, the interior surface 
of aortic bifurcation 301 may have an irregular shape, or 
cross-sectional configuration, whereby it might be diffi- 
cult to utilize a securing means 192' to secure the lower 
end 162 of tube 160 within the aortic bifurcation 301 
without undesired reflux of blood flow into the aneurysm 
sac. Accordingly, because of the anatomy of the abdom- 
inal aortic aneurysm 151 of a patient, it would be desir- 
able to seal the second end 162 of tube 160 within the 
aortic bifurcation 301, or lower neck 300 of abdominal 
aneurysm 151. 

[0045] Preferably, sealing means 31 0 includes at least 
one wire 315 which is associated with the second end 
162 of tube 160 of graft 150. The at least one wire 315 
and the second end 162 of tube 160 have a first cross- 
sectional configuration which permits intraluminal deliv- 
ery of the tube 160 and the sealing means 310 into the 
aortic bifurcation 301, as illustrated in FIG. 18. The at 
least one wire 31 5 and the second end 162 of tube 1 60 
have a second end enlarged cross-sectional configura- 
tion, as illustrated in FIG. 19, wherein the at least one 
wire 31 5 in the second end 162 of tube 160 conforms to, 
and sealing engages, the interior surface 31 1 of the aor- 
tic bifurcation 301 . Preferably, the at least one wire 315 
is associated with the second end 1 62 of tube 1 60 by 
weaving the at least one wire 315 into the second end 
162 of tube 160, the tube 160 being typically woven of 
DACRON® as previously discussed. As seen in FIGS. 
18 and 19, the at least one wire 315 is woven into the 
second end 162 of tube 160 in a generally zigzag pat- 
tern. The at least one wire 315 may be woven into the 
second end 162 of tube 160 with portions 320 of the at 
least one wire 315 extending outwardly or inwardly of 
the second end 162 of tube 160, as shown in FIG. 18, 
as will be hereinafter described in greater detail. The at 
least one wire 315 may be preferably formed of gold, or 
tantalum, or any other suitable metallic or plastic mate- 
rial having the requisite flexibility and biocompatibility 
characteristics for the intended use of graft 150. 
[0046] Still with reference to FIGS. 18 and 19, the at 
least one wire 315 has a thickness which permits it to be 
woven into the wall surface 325 of tube 160, whereby 
the at least one wire 315 lies in substantially the same 
plane as tube 160 when it has its first cross-sectional 
configuration, as shown in FIG. 18, which permits intra- 
luminal delivery of the tube 1 60 and the at least one wire 
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315 into the aortic bifurcation 301 . The wire 315 should 
be flexible and malleable, whereby upon the lower end 
162 of tube 160 being expanded by a balloon 183 or 
183' of a balloon catheter 181, or 181", the at least one 
wire 315 will be deformed into the configuration illus- 
trated in FIG. 19, whereby the at least one wire 315 will 
cause the lower end 162 of tube 160 to closely conform 
to the interior surface 311 of aortic bifurcation 301, so 
as to sealingly engage the interior surface 31 1 of aortic 
bifurcation 301. The portions 320 of the at least one 
wire 315 which extend outwardly or inwardly of the sec- 
ond end 1 62 of tube 1 60, when the tube 1 60 and sealing 
means 310 have the first cross-sectional configuration 
illustrated in FIG. 18, permit the expansion of the lower 
end 162 of tube 160 into the second enlarged cross- 
sectional configuration illustrated in FIG. 19. If desired, 
as shown in FIG. 18, more than one wire 315 may be 
woven into the lower end 162 of tube 160 of graft 150. 
[0047] With reference to FIGS. 20 and 21 , a balloon 
device 180" for use in repairing an abdominal aortic 
aneurysm 151 in an aorta 152 having two iliac arteries 
153 associated therewith at an aortic bifurcation 301 is 
shown to generally include a catheter 1 81 " having a lon- 
gitudinal axis 350 and at least three internal passage- 
ways 351, 352, 353; first and second inflatable balloons 
183, 183' disposed upon the catheter 181" and sepa- 
rated by a predetermined distance, each balloon 183, 
183' connected to at least one of the internal passage- 
ways 351-353. For example, first balloon 183 may be 
disposed in fluid communication with internal passage- 
way 352, which is in fluid communication with inlet port 
352'; the second balloon 183' being in fluid communica- 
tion with internal passageway 353 which is in fluid com- 
munication with inlet port 353'. Internal passageway 
351 provides a passageway, or lumen, for a conven- 
tional guide wire (not shown) which passes through 
catheter 181" and can exit through a conventional nose 
piece 184 adjacent the first balloon 183. 
[0048] With reference to FIG. 20, the second balloon 
183' has first and second ends 360, 361 and a longitu- 
dinal axis 362 which is substantially parallel to the longi- 
tudinal axis 350 of catheter 181". The first end 360 of 
the second balloon 183' is disposed closer to the first 
balloon 1 83 than the second end 361 of the second bal- 
loon 183'. The first and second balloons 183, 183', have 
a generally cylindrical cross-sectional configuration 
upon being inflated, as illustrated in FIG. 20, and this 
cross-sectional configuration is defined by an outer wall 
surface 363, 364 of each balloon 183, 183'. The second 
end 361 of the second balloon 183' includes an end wall 
surface 365 which is disposed substantially perpendicu- 
lar to the longitudinal axis 350 of a first portion of cathe- 
ter 181" disposed within the second balloon 183', and 
this wall surface 365 is also substantially perpendicular 
to the outer wall surface 364 of the second balloon 183' 
when the second balloon 183' is inflated, as illustrated 
in FIG. 20. Because of the end wall surface 365 of the 
second balloon 183' being disposed substantially per- 



pendicular to the longitudinal axis 362 of the second 
balloon 183', the second balloon 183' may be readily 
disposed, and received, within the aortic bifurcation 
(shown in phatom lines) 301 . Were the second balloon 

5 183' to have the conventional construction of balloon 
183, including the end wall surface 370 which is not 
substantially perpendicular to the longitudinal axis of 
first balloon 183, such an end wall surface 370 would 
prevent the outer wall surface 364 of balloon 183' from 

w being properly disposed within the relatively short lower 
neck 300 of the abdominal aortic aneurysm 151 , so as 
to be able to properly inflate and expand either the 
securing means 192' of FIG. 17 or the sealing means 
310 of FIG. 18, as previously described. 

15 [0049] Still with reference to FIG. 20, a second portion 
380 of catheter 181", located immediately adjacent the 
second end 361 of the second balloon 183', is disposed 
at an angle 381 of approximately thirty degrees with 
respect to the longitudinal axis 362 of the second bal- 

20 loon 1 83'. The second portion 380 of the catheter 181" 
may thus be readily disposed in an iliac artery 1 53 of the 
aortic bifurcation 301, which further assists the proper 
deployment of second balloon 183' within the lower 
neck 300 of abdominal aortic aneurysm 151, or aortic 

25 bifurcation 301, so that it may properly be inflated to 
expand securing means 192', or sealing means 310, as 
previously described. The second portion 380 of cathe- 
ter 181" may be biased into the angle 381 of approxi- 
mately thirty degrees, such a by molding catheter 181" 

30 with the angle 381 of second portion 380 being formed 
by the molding process. If catheter 181" is formed of an 
extended plastic, the angulated second portion 380 can 
be formed by heating the second portion and then 
bending it to have the desired angular configuration. 

35 The desired angular configuration will then be "heat set" 
after the plastic material cools. 

[0050] A stiff guide wire (not shown), or mandrel 370, 
which enters catheter 181' at inlet port 351 of internal 
passageway 351 could serve to provide catheter 181" 

40 with the desired relatively straight orientation of catheter 
181" during deployment of apparatus 180" into the 
abdominal aortic aneurysm 151, and upon withdrawal 
of the guide wire, or mandrel 370 the second portion 
380 of catheter 180" would be biased into the configura- 

45 tion illustrated in FIG. 20. Alternatively, the second por- 
tion 380 of catheter 1 81 " may be more flexible than the 
other, or first, portions 385 of catheter 181", which per- 
mits the second portion 380 to be readily angularly dis- 
posed at the desired angle of approximately thirty 

so degrees with respect to the longitudinal axis 362 of the 
second balloon 183'. Such increased flexibility may be 
provided by forming the second portion 380 of catheter 
181 " with a wall thickness which is thinner than the wall 
thickness of the other, or first portions, 385 of the cath- 

55 eter 181", whereby the second portion 380 is more flex- 
ible than the first portions 385. Alternatively, the second 
portion 380 may be formed of a first material and the 
other portions 385 of the catheter 181" are formed of a 
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second material, the first material being more flexible 
than the second material. 

[0051] In use, the balloon device, or apparatus, 181" 
would initially have the balloons 183, 183' uninflated, 
with the balloons disposed with respect to catheter 181" 5 
in a conventional manner to permit intraluminal delivery 
of apparatus 180". A securing means 165, as previously 
discussed, in connection with FIGS. 1-5 and 15-17 
would be associated with first balloon 183, and either a 
securing means 192' of FIG. 17, or a sealing means 310 10 
of FIG. 18, would be associated with the second balloon 
183'. As previously described, a sheath 186 (FIG. 5) 
would be disposed about apparatus 180", the sheath 
186 being withdrawn as illustrated in FIG. 1. The first 
balloon 1 83 would be inflated as previously described to 15 
expand securing means 165, and the second balloon 
183' would be inflated to expand securing means 192', 
or sealing means 310, as previously described. 
[0052] With reference to FIGS. 22-24, a graft 400 for 
intraluminal delivery to repair a body passageway (not 20 
shown) generally includes a tube 160 having first and 
second ends 161, 162 and a wall surface 163 disposed 
between the two ends 161, 162, the tube 160 adapted 
to be disposed within the body passageway; and a 
means for securing 410 the tube 160 within the body 25 
passageway. Tube 160 is of the same construction as 
tube 160 previously described in connection with FIGS. 
1-5, with the exception that if tube 160 is woven, the 
weave of the material is preferably the same through- 
out, so that upon radial expansion of securing means 30 
410 from the configuration illustrated in FIG. 22 to the 
enlarged configuration illustrated in FIG. 23, the tube 
160 will have substantially the same cross-sectional 
configuration throughout its length. The tube 160 may 
be woven so as to be radially expandable, or it may be 35 
woven so that it is not substantially radially expandable, 
in which case the diameter of the graft 400, as shown in 
FIG. 23, is determined by the diameter of the tube when 
it is initially woven into tube 160. 

[0053] The construction of securing means 410 is 40 
identical to that of securing means 1 65, or tubular mem- 
ber 172, previously described in connection with FIGS. 
1-5, with the exception that the tube 160 and tubular 
member 172 have a predetermined length, the length of 
the tube 160 and tubular member 172 being substan- 45 
tially the same. Tube 160 is secured to the outer wall 
surface 169 of the tubular member 172 by a plurality of 
sutures 401 . Preferably, at least one pair of sutures 401 
are utilized and the sutures 401 of each pair of sutures 
are disposed on the outer wall surface 169 of tubular so 
member 172, circumferentially spaced by an angle of 
approximately 180 degrees, as shown in FIG. 24. Tube 
160 is folded and wrapped around the tubular member 
172 when the tubular member has its first unexpanded 
diameter, as illustrated in FIG. 24, the tube 160 being 55 
folded and wrapped around the tubular member 172 in 
the direction of arrows 402, in a manner similar to the 
manner in which balloons, such as balloons 183, 183', 



are initially disposed upon a catheter, such as catheter 
181". A conventional catheter (not shown) having a 
expandable, inflatable portion, such as a balloon, (not 
shown) is passed through tubular member 172, and a 
conventional sheath (not shown) is disposed over the 
graft 400 which is mounted upon the balloon of a cathe- 
ter. 

[0054] After the graft 400 has been intraluminal^ 
delivered to the desired location within a body passage- 
way, the sheath is withdrawn in a conventional manner, 
and the balloon is expanded to expand and deform 
tubular member 172, as previously described. Upon the 
expansion of tubular member 1 72, the tube 160 unfurls 
and after tubular member 1 72 has been expanded to its 
desired diameter, the tube has a diameter substantially 
equal to the diameter of tubular member 1 72, as shown 
in FIG. 123. 

[0055] The graft 400 of FIGS. 22-24 is believed to be 
useful to repair abdominal aortic aneurysms, when the 
abdominal aortic aneurysm has a length shorter than 
that illustrated in FIGS. 15-17, or may be used to repair 
other aneurysms having a relatively short length. It is 
believed that the graft 400 may also be useful in connec- 
tion with the treatment of arterial venous fistulas, false 
aneurysms, dissection procedures, and trauma-injury of 
arteries. 

[0056] It is to be understood that the invention is not 
limited to the exact details of construction, operation, 
exact materials or embodiments shown and described, 
as obvious modifications and equivalents will be appar- 
ent to one skilled in the art. For example, the balloon 
device could be provided with only the second balloon, 
the first balloon being deleted. Additionally, the wall sur- 
face of the thin-walled member could be formed by a 
plurality of wires having a smooth exterior surface. 
Accordingly, the invention is therefore to be limited only 
by the scope of the appended claims. 

Claims 

1. A balloon device for use in repairing an abdominal 
aortic aneurysm in an aorta having two iliac arteries 
associated therewith at an aortic bifurcation, com- 
prising: 

a catheter having a longitudinal axis and at 
least three internal passageways; 
first and second inflatable balloons disposed 
upon the catheter and separated by a predeter- 
mined distance, each balloon connected to at 
least one of the internal passageways, the sec- 
ond balloon having first and second ends and a 
longitudinal axis which is substantially parallel 
to the longitudinal axis of the catheter, the first 
end of the second balloon being disposed 
closer to the first balloon than the second end 
of the second balloon; 

the first and second balloons having a gener- 
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ally cylindrical cross-sectional configuration 
upon being inflated defined by an outer wall 
surface; and 

the second end of the second balloon including 
an end wall surface which is disposed substan- s 
tially perpendicular to the longitudinal axis of a 
first portion of the catheter disposed within the 
second balloon and substantially perpendicular 
to the outer wall surface of the second balloon, 
whereby the second balloon may be readily 10 
disposed within the aortic bifurcation. 

2. The balloon device of claim 1, wherein a second 
portion of the catheter located adjacent the second 
end of the second balloon is disposed at an angle of is 
approximately thirty degrees with respect to the lon- 
gitudinal axis of the second balloon, whereby the 
second portion of the catheter may be readily dis- 
posed in an iliac artery adjacent the aortic bifurca- 
tion. 20 

3. The balloon device of claim 2, wherein the second 
portion of the catheter is biased into the angle of 
approximately thirty degrees. 

25 

4. The balloon device of claim 1, wherein a second 
portion of the catheter located adjacent the second 
end of the second balloon is more flexible than the 
first portion of the catheter to permit the second 
portion of the catheter to be readily disposed at an 30 
angle of approximately thirty degrees with respect 

to the longitudinal axis of the second balloon, 
whereby the second portion of the catheter may be 
readily disposed in an iliac artery adjacent the aor- 
tic bifurcation. 35 

5. The balloon device of claim 4, wherein the second 
portion of the catheter has a wall thickness which is 
thinner than a wall thickness of the first portion of 
the catheter, whereby the second portion is more 40 
flexible than the first portion. 

6. The balloon device of claim 4, wherein the second 
portion of the catheter is formed of a first material 
and the first portion of the catheter is formed of a 45 
second material, the first material being more flexi- 
ble than the second material. 



50 
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